We present WordMelodies, an inclusive, cross platform, mobile app that supports children with visual impairments in the acquisition of basic literacy skills through 8 different exercises. WordMelodies has been designed and evaluated by three domain experts in assistive technologies and education for children with visual impairments. After three design and evaluation iterations the app is fully accessible, except for one limitation of the cross platform development toolkit used.
INTRODUCTION
Primary school educational tools are often not accessible for children with visual impairment or blindness (VIB) [3] . Indeed, textbooks are rich in graphical content, with the aim of engaging the students. However, this impacts their accessibility, even when they are available in a digital format. Similarly, educational apps often have inaccessible interactive graphical content, due to unsuitable design or sloppy implementation [7] . As a result, primary school education, including literacy skills is challenging for children with VIB [8] .
To address these issues we present WordMelodies, an inclusive application to support children in the acquisition of basic literacy skills. WordMelodies was developed as a cross-platform mobile application and it includes 8 types of exercises. App analysis, design and evaluation were guided by three domain experts with a participatory approach. Following three design and evaluation iterations WordMelodies was considered to meet the functional requirements and to be fully accessible except for one issue, caused by the cross platform development toolkit, which we discuss in the following. Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for proft or commercial advantage and that copies bear this notice and the full citation on the frst page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner /author(s). 
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ANALYSIS AND DESIGN
WordMelodies has been developed with a participatory approach, involving three domain experts: a teacher for children with VIB, a congenitally blind expert in assistive technologies (who is also a co-author of this paper) and a primary school teacher. During the analysis phase, we created a list of 59 suitable exercises to practice literacy skills in primary school. To defne this list we collected data from domain experts, teaching standards [6] and analysis of the existing apps and websites. For each exercise, we provided an interaction example and collected subjective evaluation by the domain experts on the exercise usefulness. We then selected the 8 exercises with the highest average usefulness score to be developed in Word-Melodies. Figure 1 shows examples of exercises, the complete set is available online 1 .
Another important aspect emerged while interacting with the domain experts: children in the target age group also need to develop key tech interaction skills [1] . In particular one expert remarked the importance of becoming familiar with Drag&Drop, a common gesture in mobile device interaction which is diffcult to perform when using a screen-reader 2 .
Based on this analysis, we defned the following criteria that drove the design and development phases.
• Inclusiveness. The app should be usable and easy to learn for children with and without VIB. • Entertaining. Besides allowing the user to practice literacy skills, the app should also be fun and entertaining. 
CROSS-PLATFORM DEVELOPMENT
Since our ultimate goal is to make WordMelodies publicly available to a large audience, we developed the prototype in React Native, a cross-platform developing framework [4] . Apps developed with this technologies can be deployed on both Android and iOS devices. Existing research show that it is possible to develop accessible apps with React Native, but in some cases native components need to be developed to overcome framework limitations [2] .
In WordMelodies the user selects an exercise type from a list. Then, one exercise instance is shown, among the available ones for that type. For example, when the user selects "listen and complete" exercise type, one of the two exercise instances shown in Figures 1a and 1b is shown. If the user makes a mistake, WordMelodies gives a negative audio and visual feedback. Instead, upon entering the right answer, WordMelodies gives a positive feedback, it plays a short piece of music and shows the next exercise instance for the same type.
In order to enhance the scalability and to ease the creation of several exercise instances, we developed WordMelodies to have a clear separation between the code and the data representing exercises content. Indeed, the exercise instances are defned within a standalone static JSON fle. Thus, adding a new exercise instance does not require to modify the app code. To further extend this principle, exercise types have been grouped into two exercise classes: those based on the use of drag&drop gesture and those based on multiple choices questions. The exercise types in the same class are actually run by the same code and only differ in terms of static content. For example, both "day of the week" and "listen and complete" exercises (see Figures 1c, 1a and 1b ) belong to the same class (drag&drop), while "rhyming words" (Figure 1d ) belongs to the multiple choices class. This further enhances scalability, making it easy to add new exercise types as long as they present the same interaction as the existing ones.
One of the main challenges during the development of the app was to achieve an accessible and easy-to-use drag&drop functionality. Indeed, no basic React Native component supports accessible drag&drop. Hence, it was necessary to implement a React Native component on both Android and iOS to provide audio information during drag&drop when screen reader is active. The aim was to mimic the drag&drop behaviour exposed natively by both Android and iOS (e.g., when moving an app icon on the launcher). Rotor-based interaction, which is available only on iOS, was not replicated.
WordMelodies has been evaluated by domain experts across multiple iterations during the design and development phase. The iterative design approach gave us the opportunity to uncover and fx a number of issues and improve the overall app usability. As a result the application is currently fully accessible on both iOS and Android.
A single issue remains to be fxed: when exploring the UI elements with the fick gesture (i.e., left/right fick to move to the previous/next element respectively) the order of the presented elements does not match the logical order of the elements on the screen. This problem is caused by the fact that React Native has an internal order of UI elements, and it is currently not possible to change the accessibility focus order of these elements. While this in part limits the app usability, it is still possible to completely explore the interface by scanning the screen with a fnger.
CONCLUSIONS AND FUTURE WORK
Through participatory design and multiple evaluation iterations with three domain experts, we developed WordMelodies, a cross-platform mobile app that supports children with and without VIB in learning basic literacy skills. The app is designed to be entertaining, inclusive and usable without external assistance. WordMelodies is also aimed at improving children basic tech interaction skills and teach the use of common gestures, such as Drag&Drop which is diffcult to perform using a screen reader. Currently 8 different exercise types are available, with multiple instances for each exercise, and new exercise instances and types can be defned without modifying the underlying app code. While the app is completely accessible, exploration using fick gestures is currently not supported by the cross-platform development toolkit.
As a future work we will involve children with and without VIB and their parents in the app design process, in order to better adapt to user needs and interests. We will also work on the development of additional native components for iOS and Android to make fick-based exploration possible and consistent across different platforms. We will add new exercises, a storyline as an edutainment container for the exercises, and entertaining audio-visual content to engage children. Finally, we will distribute the app to end users.
